THE object of this paper is to record certain facts as to the incidence of the Bacillus diphtheriw in cases of scarlet fever in Birmingham; and, further, to record observations which appear to show a connexion between the presence of this germ and the persistence of scarlatinal infectiousness, with particular reference to the question of return cases. It deals with the association of this bacillus, not with clinical diphtheria, but with scarlet fever.
Attention was directed along these lines by my finding a number of cases of rhinitis associated with the presence of the Loeffler bacillus in the nose amongst those convalescent cases of scarlet fever whose arrival home from the fever hospitals had been followed by the occurrence of return cases of scarlet fever in their households. This raised the question whether the Loeffler infection had any connexion with the occurrence of the return cases of scarlet fever, and it was arranged by Dr. Robertson that I should take swabs from the nose and throat respectively of all cases that showed scarlatinal infectivity subsequently to their discharge from hospital. It was also arranged that all cases of scarlet fever should be similarly swabbed in the city hospitals at the time of their admission to and discharge from hospital.
In February, 1912, I read a paper before the Midland Branch of the Society of Medical Officers of Health [8] , in which I gave the results of this investigation up to November, 1911. Since then more work has been done upon the subject, and in venturing to bring the matter before this distinguished Society I have not only recorded this further work, but for the sake of completeness have not hesitated to repeat much of what was then said.
With the exception of the examination of the swabs taken from patients during their stay in hospital, the bacteriological work has been done by Dr. C. J. Lewis in Professor Leith's laboratory at the University of Birmingham. In addition to the routine examination of swabs Dr. Lewis has isolated the diphtheria-like bacilli in more than sixty cultures.
DEFINITIONS.
In order to avoid misunderstanding from the use of certain arbitrary terms, I will here give the definitions of some of the expressions which I am using in this paper.
The term " primary case " is to be understood to mean a case of scarlet fever whose return from a fever hospital has been followed by the occurrence in the same house of a further case or cases of that disease beginning within eight weeks of the date of return.
The term "return case" is used for such secondary cases without the assumption being made that they all, without exception, have been necessarily caused by contact with the corresponding primary cases.
Except where it is specially mentioned to the contrary, no return case has been considered or enumerated where the diagnosis of either the primary or secondary case was revised in hospital to " not scarlet fever. " No swabs have been taken from patients who have caused further cases in their households (" recovery cases ") after their release from isolation practised in their own homes. SCHEME OF WORK. The work reported in this paper has been devised upon the following plan:
I. Amongst those cases of scarlet fever which caused return cases on their arrival home from hospital, the percentage which were infected with true Bacillus diphthleria3 was determined. The manner in which this was arrived at is given in detail below.
II. For comparison with this result the incidernce of the bacillus (expressed as a corresponding percentage) was also determined amongst cases of scarlet fever whose arrival home from hospital was not followed by the occurrence of return cases. In addition, the incidence of the bacillus in scarlet fever cases during their stay in hospital was investigated.
III. Lastly, the proportion of normal school children showing the true Bacillus diphtheria3 was determined.
For the sake of clearness, I have divided the paper into three sections corresponding to the above three headings, and a fourth section, in which I have made some comments upon the results. SECTION 
I.
The bacteriological investigation of patients who had caused return eases was carried on from December 19, 1910, to November 8, 1912, a period of nearly two years (during which time 5,573 cases of scarlet fever were admitted to the city hospitals).' The number of return *cases which were notified in that time was 485. These occurred in 365 houses, to which 419 primary cases had returned. The difference in these figures is, of course, due to the fact that more than one primary case returned to some houses, and more than one return case occurred in others. A negligible number of these cases ensued upon the return of primary cases from fever hospitals outside the city, the vast majority being connected with cases from the city hospitals.
The primary cases were visited as soon as possible after the occurrence of the return cases, usually one to three days after notification of the return cases, and swabs were taken from the nose and throat respectively. The specimens from the nose were taken by passing the swab as far into each nasal cavity as the rigid rod would pass, and from the throat by rubbing it well on and about the tonsils. When there was otorrhcea a swab was also taken of this discharge.
The swabs were examined by Dr. Lewis, who inoculated tubes of Loeffler's blood-serum in the usual way, and examined the resulting eighteen-hour cultures stained by Neisser's method, and by simple stain (carbol thionin). He reported as " positive " those cultures which presented diphtheroid bacilli showing polar staining with the Neisser stain like Loeffler's bacillus: that is to say, those cultures in which it was not possible to return a negative report as to the presence of Bacillus diphtheriaT. In this paper the terms "positive" and negative " are used in this sense entirely. I myself took the swabs from all the primary cases (102) before November 8, 1911. After that date I also dealt with the primary cases (88) in the north-west division of the new city, those in the other three divisions (229) being examined and swabbed by Dr. John Dale, Dr. T. W. Beazeley, and Dr. Reginald Green. The results of the swabbing of these cases were as follows:
On November 9, 1911, the population of the city was increased by extension from 526,030 to 842,337, and all return cases have been considered which occurred within the old city before that date or within the extended city on or after it. It should be mentioned that only in a few instances were the cases which were reported negative subjected to a second swabbing. Had this been done the number of positives would undoubtedly have been higher. Moreover, in about eighty cases amongst those swabbed the throat swabbing was omitted for various reasons.
As I mentioned above, more than one primary case had recently returned to some of the houses furnishing return cases. As in all probability only one primary case in each of these houses had actually infected the return case, it is more useful to give the results in terms of houses where return cases contracted scarlet fever than in terms of individual primary cases. In houses where there was more than one primary case the house is taken as positive if any of the primary cases gave a positive swab, and as negative if none of them did so. On this basis the results become: 
365
-that is, one hundred and thirty-six positive out of 325 houses, or 42 per cent.
Besides the cases which were found to be positive when swabbed in this way after causing return cases, there were a number of other primary cases which, though giving a negative result on that occasion, had been found to be positive some time during their stay in hospital: that is to say, the percentage given above (42) is an under-statement of the number of return case houses where a primary case has given positive results at any time during or after its stay in hospital. In my former paper I gave results in which every patient who had given a positive swab in hospital or subsequently was treated as positive. On this basis, up to November 8, 1911, out of eighty-five houses where return cases had occurred, positive primary cases had returned to fiftyeight-i.e., 68 per cent.
It must be admitted that the microscopic identification of Neisserstaining bacilli indistinguishable from Loeffler's bacillus is not sufficient evidence in series such as these upon which to give a percentage representing the proportion of cultures containing the Bacillus diphtheriaw. Isolation and testing of the Neisser-positive bacillus is a necessary corollary to its discovery in mixed culture, and until this has been done it is not possible definitely to distinguish the Bacillus diphtherifR from diphtheroid bacilli which closely resemble it in being Neisserpositive and in other respects. This has become very clear from Dr. Lewis's work.
Before I published my results up to date in February, 1911, Dr.
Lewis had isolated the bacillus which had led to the " positive" report in three of my positive cases, and in each one had obtained a true Loeffler culture which was virulent, killing a guinea-pig within two days of subcutaneous injection, and produced no effect in a similar guinea-pig which had previously been protected by an injection of diphtheria antitoxin. From this I concluded that it was safe to assume that most of the positive cultures contained the true Bacillus diphtheriaw.
As doubt was thrown upon the validity of this assumption, Dr. Lewis kindly agreed to isolate a consecutive series of these positive cultures. Dr. Dale and I were then dealing with return cases in the northern half of the enlarged city, and it was arranged that all the positive cultures which we obtained should be tested in this way. Reckoning by the date of notification of the return cases, the series began on April 6, 1912, and ended, with an interruption of two months in the summer vacation, on October 17. For nearly four months almost all the positive cases from half the city were specially investigated in this way.
The number of positive swabs in this series was thirty. (It must be mentioned that of the thirty, three were from primary cases who were afterwards found not to have had scarlet fever, though the return cases had true scarlatina. These have not been cut out of the series.)
Of these thirty Dr. Lewis was able to isolate the Neisser-positive bacillus in twenty-two instances. All these twenty-two diphtheroid organisms he tested in pure culture in sugar and by inoculation into guinea-pigs, and divided them into two groups-viz., those which were the true Bacillus diphtherie of Loeffler, and those which were other diphtheroid bacilli. The Loeffler group were identified by their microscopic appearance, their appearance in broth cultures, and by their producing acid in glucose and dextrin media, but not in saccharose. Thirteen of the twenty-two gave these 'reactions and were inoculated subcutaneously into guinea-pigs (1 c.c. of forty-eight hours' broth). Eleven of the thirteen were fully virulent, killing the animal within a few days with post-mortem signs typical of death from Bacillus diphtheria?. The bacillus was recovered in pure culture from the local lesion in all these cases. In the other two of the thirteen the guinea-pigs developed a swelling at the site of inoculation and showed signs of ill-health, but did not die. It was concluded that these two were also Bacillus diphtheriw, deficient in pathogenicity. All the thirteen cultures were also inoculated into guinea-pigs which had been protected by the injection of diphtheria antitoxin; in every case they were harmless to such protected animals. The other nine cultures of the twenty-two did not agree with Loeffler's bacillus in culture reactions (and. some of them in morphology), and were non-pathogenic to guinea-pigs. They all gave Neisser-positive individuals, which accounted for the appearance in the original mixed cultures that gave rise to the " positive " diagnosis.
Dr. Lewis concluded from these experiments that of the twenty-two "positive " cultures in which the Neisser-positive diphtheroid was isolated at least thirteen contained the true Bacillus diphtheriaw-i.e., 60 per cent.
The patients who gave the true Bacillus diphtheriae exhibited the germ at the time of swabbing as follows: In nose only, six cases; in nose and ear, one case; in nose and throat, four cases; in nose, throat and ear, one case; in throat only, one case.
There appears to be no reason why the positive cultures obtained from primary cases during these particular four months should differ as to the proportion containing the Bacillus diphtheriw from those given by such primary cases throughout the rest of the two years over which this investigation extended, especially as all the cultures were examined by the same observer. On this assumption we arrive at the result that about 60 per cent. of 42 per cent. (about 25 per cent.) of all houses where return cases occurred had received home from hospital a primary case from whom the Bacillus diphtherima could be recovered. This figure can to somne exte'nt be checked in the following manner:
During the four months in which the "positive" bacilli from the northern half of the city were being isolated and tested we swabbed the primary cases at forty-six houses, and obtained the true Bacillus diphtherii from twelve of them. This gives a proportion of 26 per cent. of all return case houses, as compared with 25 per cent. obtained by the other method.
SECTION II.
The striking fact that a quarter of this class of infectious scarlet fever convalescents can be shown to be harbouring the true Loeffler bacillus in their nose or throat subsequently to their discharge from the fever hospital is sufficient demonstration that this germ must be fairly common arm-ongst the scarlet fever patients in the Birmingham fever hospitals. In my former paper I quoted the following extracts from the literature bearing upon the prevalence of this germ in scarlet fever.
In 1898, Todd [14] investigated a form of external rhinitis occurring in scarlatinal convalescents which was characterized by redness at the nostrils, passing on to the formation of raw granular surfaces with crust formation and bleeding, and often associated with spottiness of the face and pustules elsewhere, a condition familiar to all who have had to deal with scarlet fever wards. He found fifty-one (or 14 per cent.) of such cases in 365 cases of scarlet fever at the London Fever Hospital, and on taking nasal swabs obtained the bacillus in every one of the fifty-one cases. Several of these were isolated and proved to be virulent Loeffler bacilli, which could be antagonized by diphtheria antitoxin. He obtained the same organism from the secondary pustules.
Williams (1901) [15] did similar work, and obtained this germii from cases of rhinorrhcea and otorrhcea in scarlet fever. In a series of scarlet fever cases he examined all those which showed any rhinorrhoea, however slight, and in fifty-seven (or 40 per cent.) of 141 cases of rhinorrhcea found the Loeffler bacillus in the discharge. In sixty-eight cases of scarlatinal otorrhoea also he found five (or 8 per cent.) with this bacillus. Only a minority of the cultures tested on guinea-pigs were typically virulent.
It appears, then, well established that rhinitis and otitis in scarlet fever are often characterized by the presence of the Bacillus diphtheria? in the discharge.
In regard to the frequency of its presence in uncomplicated cases of scarlet fever, or in cases in general of this disease, the most striking feature of the results recorded by various observers is the great lack of uniformity that they show.
Garratt and Washbourn (1899) [4] found that amongst 666 cases of scarlet fever admitted to the London Fever Hospital, only eight (or 1'2 per cent.) showed bacilli in the throat morphologically resembling the Bacillus diphtheriaw. Their virulence was not tested.
W. T. G. Pugh (1902) [10] , at the North Eastern Hospital, London, examined the noses and throats of scarlet fever patients on admission. Out of 415 cases uncomplicated by clinical diphtheria seventeen (or 4 per cent.) showed Loeffler bacilli in the throat, and five of these tested on guinea-pigs were all non-virulent. Out of 414 cases uncomplicated by faucial diphtheria or membranous rhinitis, thirty-three (or 8 per cent.) showed the bacilli in the nose, and six of these tested on guinea-pigs were all non-virulent. In wards where post-scarlatinal diphtheria existed he several times found virulent diphtheria bacilli, and also in fibrinous rhinitis occurring during stay in hospital.
Escherich and Schick (1912) [2] state that Sellner found diphtheria bacilli in 2 per cent. of his (103) scarlet fever cases; Soerensen in 16 per cent. of 1,500 cases (of which thirty-two had clinical diphtheria), and Ranke in 53 per cent. of his cases.
The lack of uniformity in the above results makes it appear that the prevalence of this germ in scarlet fever hospitals varies from place to place, and therefore the prevalence of the germ in the Birmingham primary cases should be compared only with the results obtained in the Birmingham hospitals.
During 1911 the scarlet fever patients in the two chief Birmingham fever hospitals, Little Bromwich Hospital and Lodge Road Hospital, were bacteriologically examined on admission and on discharge under the supervision of the Medical Superintendents, Dr. T. W. Beazeley and Dr. H. M. Cargin. At both hospitals the noses and throats of the patients were separately swabbed. The results of this work will be found in my former paper [8] . At Little Bromwich 32-5 per cent. of 1,063 patients were reported positive on admission (24 per cent. in the nose and 14 per cent. in the throat), and 20 7 per cent. (nose only) at the time of discharge. At Lodge Road 23 per cent. of patients were reported positive (nose or throat) on admission, and 49'6 per cent. of all patients at some time or other during their stay in hospital. Unfortunately, these figures were compiled from the results of a number of medical officers working more or less independently, and were not controlled by isolation of the suspicious organisms.
In the above mentioned paper I worked out from the hospital figures certain results which tended to show some connexion between the prevalence of the positive germs and the occurrence of the return cases, but at the same time expressed the view that the evidence was not conclusive. But in view of other evidence which I give below I feel that more definite results might perhaps be obtained if the whole of the bacteriological examinations inside the hospitals and subsequently in the patients' homes were carried out by a single observer, and the results checked by the necessary isolation and testing of the bacilli.
I have since attacked the subject in a different way. Knowing what proportion of patients causing return cases have true Bacillus diphtheria which can be demonstrated by swabbing I have tried to get corresponding figures for patients who have not caused return cases; my object being to compare the incidence of the true Loeffler bacillus after discharge from hospital in those who remnain capable of spreading scarlet fever with the incidence in those who have not shown themselves to be infectious. For this purpose I visited about a hundred cases ten days after their return from the fever hospital, and took swabs from the nose and throat respectively of each. Dr. Lewis examined the resulting cultures, and in all cases where he found bacilli showing polar staining with the Neisser stain and resembling the Bacillus diphtheriw he isolated and investigated these bacilli. This work lasted from July 22 to July 26, 1912, and after the summer vacation from October 15 to December 19, 1912. On most of the weekdays during this time I swabbed a proportion of the cases who had been out of hospital ten dayg and who had not caused any return case. Altogether the series comprised 107 cases,. but five of these subsequently caused return cases and were, of course, excluded. The cases were quite unselected, except that in the latter half of the series no cases were swabbed unless there was at least one child in the house aged under 15 who had not had scarlet fever. The ages of the 102 cases which comprised the series were as follows:- In the 102 Dr. Lewis found twenty with Neisser-positive polar staining bacilli. He plated out all these and succeeded in isolating the Neisser-positive bacillus in all except two cases. In the eighteen cases in which isolation was successful the bacillus in seven instances proved to be the true Bacillus diphtheriwe, as determined by morphology and culture reactions (see above). All seven proved virulent to unprotected guinea-pigs and produced fatal results, though in two cases death did not take place until the tenth and eleventh day respectively, with necrosis at the site of injection. The bacilli were recovered in pure culture from the local lesions. All the seven were harmless to guineapigs previously protected by the injection of diphtheria antitoxin. The other eleven isolated bacilli did not correspond with Loeffler's bacillus in culture reactions, and some also in microscopical appearance. Thus about 7 per cent. of the patients whose return from hospital gave rise to no return cases showed the true Bacillus diphtheria , contrasting with 25 per cent. of those who did show themselves in this way to be able to infect others with scarlet fever. Even then it is possible that some of the seven were really infectious, but for various reasons, such as immunity to scarlet fever on the part of other members of their households, were unable to cause return cases. Indeed, some of them had nasal conditions which one knows to be frequently associated with the production of return cases. SECTION III. When I was in possession of these facts as to the distribution of this germ in scarlet fever, it appeared desirable to cornpare them with the prevalence of the same germ in the normal population, especially amongst children, who, of course, furnish the bulk of our scarlet fever cases.
The most comprehensive piece of work on these lines appears to be that recorded in the " Report on Diphtheria Bacilli in Well Persons " (1902) [9] of a Committee of the Massachusetts Association of Boards of Health. In this investigation over 4,000 persons were examined, and the results were divided into two groups. In the case of 3,096 persons from communities practically free fromi diphtheria, 14 per cent. showed typical diphtheria bacilli, of which 09 per cent. had them in the nose, and 0'6 per cent. in the throat. Fifty-five of these positive cultures were tested and five proved to be virulent. In the case of 1,154 persons, almost entirely children, in institutions where diphtheria had existed from one to eighteen months previously, the figures were higher-viz., 2 9 per cent., of which 2'1 per cent. showed the bacilli in the nose, and 15 per cent. in the throat. Thirty-one of these positive cultures were tested and six found to be virulent. The difference between these two sets of cases is attributed by the Committee to the difference in the prevalence of diphtheria in the communities under consideration. This conclusion is obviously of great importance when we are considering the distribution of this bacillus.
That diphtheria bacilli are frequently to be found in healthy persons who have been exposed to the infection of diphtheria is well known.
Graham-Smith (1908) [5] points out that the frequency of this occurrence depends largely upon the intimacy of contact, a larger proportion of carriers, for instance, being found in the members of the families of diphtheria patients than in the scholars of diphtheriainfected schools. Seligmann (1911) [11] has noted that in diphtheriainfected institutions the departments with fewer cases tend to contain fewer " carriers " than the departments with greater numbers of cases (he dealt mainly with the throats only). Steenmeyer [12] failed to find diphtheria bacilli in the throats of forty-four children in a Dutch village which had been free from diphtheria for ten years, but in the throats of forty-one children of Utrecht, where diphtheria was endemic, he found diphtheria bacilli in several. Graham-Smith [6] concludes that virulent diphtheria bacilli are very rarely found in the throats and noses of healthy persons who have not been in immediate or remote contact with cases of diphtheria, but that in 2 to 3 per cent. of persons unexposed to infection bacilli are to be found differing from ordinary diphtheria bacilli only in their non-virulence to guinea-pigs.
The fact that the degree of prevalence of diphtheria in a community is reflected in the prevalence of the bacillus in healthy persons must therefore be held to explain the great disparity which appears amongst various published results [3] .
For this reason I did not feel justified in making any assumption as to the prevalence of the Bacillus diphtherie in the Birminghanm population. I therefore resolved to take swabs from a number of normal school children. For this purpose I selected two schools, and, beginning in January, 1913, took swabs from the nose and throat respectively from certain of the scholars (by kind pernmission of Dr. G. A. Auden, School Medical Officer, Birmingham). One school (D) had been entirely free from diphtheria for at least eighteen months, and during that timne had produced only a few cases of scarlet fever. The other school (N) had produced only three cases of diphtheria during the past two years, but had been afflicted with a considerable outbreak of scarlet fever durina the autumn and winter, cases continuing to occur in abundance during the time that I was taking swabs. I selected only children who gave a history of never having had scarlet fever or diphtheria. In all, one hundred children were swabbed, fifty of each sex. Half were from school D and half from school N. The ages of the hundred were as follows: Amongst the cultures from the hundred children Dr. Lewis found " positive" bacilli appearing to warrant further investigation in eighteen; and all of these he isolated and tested. Seven of the germs proved to be Loeffler's bacillus, as judged from microscopical appearance, and culture and sugar reactions. Of these seven, one was fully virulent to the guinea-pig, but not to the antitoxin-protected animal, and the other six only produced slight local swellings at the site of injection. The other eleven positive bacilli proved not to be the Bacillus diphtheria3 by the above tests. Thus amongst these school children 7 per cent. gave true Bacillus diphtheriae (of which only a minority were fully virulent).
It will be noticed that the Loeffler bacilli from these school children were less virulent than those from the scarlet fever convalescents.
In the school D, comparatively free from scarlet fever, only two children (= 4 per cent.) showed the Bacillus diphtherime; whereas, in the school N, where scarlet fever was prevalent, five (-10 per cent.) did so.
The fact that such a distribution of these germs occurs in schools which are almost free from diphtheria has an important bearing on the question of the administrative action to be taken in regard to such apparently harmless " carriers " when diphtheria cases do occur.
PREVALENCE OF CLINICAL DIPHTHERIA IN BIRMINGHAM.
A point of interest in connexion with these observations is the fact that neither the post-scarlatinal diphtheria rate in the Birmingham fever hospitals, nor the diphtheria rate for the city, is high, in face of the fact that there is such a wide distribution of the Bacillus diphtheriam in the scarlet fever wards of the hospitals and a constant discharge of patients with this germi from the hospitals back into the general population.
In 1910 and 1911 together the post-scarlatinal diphtheria rate in Lodge Road Hospital was 0'7 per cent. reckoned on 545 admissions, and in Little Bromwich Hospital 0'2 per cent. on 3,703 admissions. The returns for the two hospitals, however, give a higher rate for cases admitted with siinultaneous scarlet fever and clinical diphtheria during those years-namely, P3 per cent. of scarlatinal admissions for 1910, and 3 4 per cent. for 1911. The above figures are from the Annual Reports of the Medical Superintendents [1] .
The diphtheria death-rate for Birmingham (old city) for 1910, 1911, and 1912 was 011, 0'13, and 0'12 per 1,000 respectively, which was nearly the same as that for England and Wales generally, and less than that for many other large towns.
SECTION IV (CONCLUSIONS).
The fact that typical Bacillus diphtheri? was isolated froni the scarlatinally infectious " primary" cases in 25 per cent. of instances,1 but only in 7 per cent. of those cases of scarlet fever whose return from hospital had not produced return cases, and in 7 per cent. also amongst normal school children, seems to show that the presence of this germ in the nose or throat of cases of scarlet fever is often associated with a prolongation of the period of scarlatinal infectiousness; and that the presence of the germ is indicative of an increased probability of such infectiousness. The question then arises how this is brought about.
It is well known that rhinitis (and sometimes otorrhcea) is common among the patients who produce return cases, and most observers hold the reasonable opinion that it is then the actual cause of the return case. We also know from such work as that of Todd [14] and of Williams [15] that the Bacillus diphtheri? is very frequently present in such conditions. These two circumstances together may conceivably be the explanation of the association of scarlatinal infectiousness with the presence of the diphtheria bacillus.
At once we are faced with the question whether the bacillus is the cause of the rhinitis or only an association. Its invariable occurrence in the scarlatinal rhinitis investigated by Todd supports the idea that at any rate in such cases as those it is the actual cause. Cases of fibrinous rhinitis in scarlet fever are generally held to be due to the diphtheria bacillus. Graham-Smith [7] collected cases of "chronic membranous rhinitis" from various investigators, and states that all the (eighty-four) cases showed diphtheria bacilli, of which seventy-six were virulent. In ' This is in terms of houses. The corresponding figure for total "primary cases" is 23 per cent.
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atrophic rhinitis also Symes [13] found that out of twenty-three cases (mostly adults) these bacilli were present in twenty, and that both of the two that he tested on guinea-pigs behaved like virulent Loeffler bacilli. On the whole it appears probable, though not certain, that the rhinitis is the result of infection with the bacillus.
In my former paper on this subject I mentioned that of ninety-eight primary cases no less than sixty-seven (i.e., 68 per cent.) had suffered from rhinitis since return from hospital, as shown by nasal discharge, or sore nostrils, or by a history of " cold in the head " since return; and of these sixty-seven persons, fifty (or 74 per cent.) gave positive swabs some time after the onset of their illness.
On the other hand, a number of return cases have followed upon the return from hospital of patients who have not had any signs of rhinitis, and who yet show bacilli morphologically, like Loeffler's bacilli (in some instances definitely proved to be Bacillus diphtheria).
If the action of the diphtheria bacilli is merely to keep alive a pathological condition (rhinitis) in which the hypothetical germs of scarlet fever can continue to remain virulent, presumably this is a property shared by other organisms which can cause rhinitis (I have seen many cases of rhinitis during and after scarlet fever in which negative swabs were repeatedly given). It may be, however, that this bacillus has a peculiar property itself of enabling the virus of scarlet fever to flourish (symbiosis) even without causing rhinitis.
Bearing upon the mode of action of the bacilli, I have collected cases of scarlet fever occurring during the period (two years) under review in which the scarlet fever (confirmed as to diagnosis after admission to hospital) occurred after the return to the same house of a patient from the fever hospital who was sent in for supposed scarlet fever, but in whom the diagnosis was revised to " not scarlet fever." None of these primary cases gave any evidence either in hospital or subsequently of having contracted scarlet fever during their stay in the institution. I have not counted cases in which the first patient had clinical diphtheria.
In this series I have fourteen cases, of which twelve were swabbed after the occurrence of the return case; and of these twelve, eight were positive and four negative. Two of the three positives which were isolated proved to contain typical Bacillus diphtheria3. I think these cases are particularly significant as admitting of the explanation that in contracting these bacilli, which are so prevalent in the scarlet fever hospital, the patients thereby became able to spread scarlet fever, although they themselves had not shown any signs of this diseaseas if the diphtheria germ brought with it the scarlatinal virus.
It may be here stated that the hospital results have not shown the return: cases to give a much higher proportion of positive results at the time of admission to hospital than cases in general. During 1911, thirty-four out of ninety-six return cases thus examined on admission gave positive results-i.e., 35 per cent. compared with 30 per cent. (both hospitals) for all cases. It should be noted that this refers to total " positives " and not to definitely proved Bacillus diphtherial, the necessary isolation not having been carried out.
As bearing upon this connexion between the diphtheria bacillus and scarlatinal infectivity, it is interesting that there is some evidence of a certain degree of clinical and epidemiological interdependence between the two diseases. For instance, it is the experience of many fever hospital doctors that scarlet fever cases are more liable to contract diphtheria than are normal children: and the two diseases seem to be more frequently co-existent in one patient or one family than mere chance would explain. The distribution of diphtheria throughout the year in this country also corresponds with that of scarlet fever, both diseases increasing in prevalence during the latter half of the year. There is also a partial tendency for the cyclical variation in scarlet fever from year to year to be accompanied by corresponding variations in diphtheria-that is to say, scarlet fever "-epidemics" are often simultaneous with similar increases in diphtheria. The Birmingham figures for the past twenty years show this latter correspondence to be only partial, and there are certain other respects, such as the epidemic wave-length of the two diseases in schools, in which they are quite at variance. However, I have noticed that in schools where outbreaks of scarlet fever are occurring there are not infrequently more cases of diphtheria than usual.
The natural corollary to concluding that the diphtheria bacillus in scarlet fever cases tends, either by causing rhinitis or in some other manner, to increase the proportion of return cases, is the consideration of how to keep hospital cases free from the germ. If the positive patients were to be isolated from the negative ones on admission, the "positive " wards would have to be almost as big as the "negative" wards, and the practical difficulty would arise of the impossibility of making an accurate diagnosis in some cases of the bacillus in question without isolating and testing it. A further difficulty would arise from the definite fact that a patient may have the germ about his nose or throat without it being revealed on one swabbing. Moreover, at any M-lOa rate in wards where this rigid separation is not practised, cases of rhinitis with this bacillus frequently occur, and such cases can quickly infect others in the ward who were previously negative. The nurses in scarlet fever wards are sometimes found to be "positive," and this would probably be another difficulty. Attempts to avoid discharging patients with the Bacillus diphtheria would be met by the difficulty that the condition is often very intractable and may persist a long time. I have seen cases which remained positive for more than a hundred days after discharge from hospital. I understand that the injection of diphtheria antitoxin does not clear up the germs, and I have no knowledge or information as to the more hopeful method of injecting vaccines of the bacillus.
DISCUSSION. Dr. R. DUDFIELD wrote as follows:
In 1895 I noted the frequent occurrence of nasal discharges in returned patients giving rise to return cases," and drew the attention of Professor Simpson to the fact when he was making the first investigation for the Metropolitan Asylums Board. Professor Simpson recorded the above fact in his report to the Board. Incidentally, I may say that I am somewhat surprised that no reference is made by Dr. Higgins to the voluminous reports on the subject of "Return Cases," issued by that Board.
I believe that a good deal of bacteriological research was carried out in connexion with the preparation of those reports, but I have not been able to verify that impression. Dr. Higgins records the presence of the Bacillius diphtheria? in the throats and noses of primary patients, but be does not say whether any swabs were taken from the members of the families of such patients. In other words, he does not appear to have excluded the possibility of infection with diphtheria bacilli after discharge from hospital. It would be interesting to know if the secondary cases due to primary sufferers in whom the diphtheria bacillus was demonstrated at home were found to have the bacillus after admission to hospital, and if so, whether such secondary cases presented any special clinical symptoms in hospital. As to the prevalence of carrier cases in schools, Dr. Higgins has omitted to give any indication of the different proportions of " carriers" to children swabbed in the two schools. He only states that " 15 per cent. gave positive swabs." It would be instructive to know whether the major portion of such positive swabs came from school D or school N, the former school having apparently the cleaner record qu6a diphtheria. I expect to publish very shortly some notes on" carriers in schools.
*The PRESIDENT (Dr. W. H. Hamer) wished to say a word with regard to
Dr. Higgins's observations to the effect that there was " some evidence of a degree of clinical and epidemiological interdependence between scarlet fever and diphtheria." It was interesting to note how this conclusion came up again and again. Seven years ago Dr. Nash read a paper before the Epidemiological Society' on a somewhat similar subject and pointed out the same thing. He (Dr. Hamer) had the curiosity at that time to look through the Transactions of the Society, and it was remarkable how many papers had been read in which that interdependence had been alluded to. At the time of the great diphtheria prevalence (1858 and 1859) there were papers by Burdon-Sanderson, Ballard, and Bristowe, dealing with the subject, and a sub-committee of the Epidemiological Society was appointed with Mr. Netten Radcliffe as secretary; this sub-committee concluded that " there was considerable coincidence of time and place in the occurrence of these two diseases," and declared that this question was one well deserving further study. Dr. Ransome, too, read a paper in 1875 in which he dealt with the same topic. He, however, pointed out two difficulties; he said scarlet fever was milk-borne but diphtheria was not; that difficulty had been removed since the date of that paper; again, Dr. Ransome said that diphtheria was transmitted by sewer air, while scarlet fever was not; that difficulty also was one to which epidemiologists would not attach very much importance at the present time. There was, further, in 1883, an important paper by Dr. Franklin Parsons dealing with the same question. He (the President) considered that Dr. Higgins's paper just read afforded another proof, if proof were needed, that well-authenticated epidemiological results occasionally emerged to view even when inquirers started by assuming the specificity of particular " causal bacilli."
Dr. E. W. GOODALL said he thought the Section could congratulate Dr. Higgins on having brought before it new facts in respect of, at any rate, the prevalence of the diphtheria bacillus. The relationship between that disease and scarlet fever was very well known. Some observers of admitted knowledge had gone even further than those mentioned by the President; for instance, the late Dr. Bond, of Gloucester, had believed scarlet fever and diphtheria to be manifestations of the same disease. He (the speaker) did not take that view, atid he mentioned it only to show how close the connexion had appeared to be to some observers. Dr. Higgins had proved, in reference to Birmingham at any rate, the somewhat extensive prevalence of the diphtheria bacillus, though not of the disease diphtheria. There did not seem to be in other places the same prevalence of that organism. No particular work in this connexion had been done in the hospital with which he was connected in recent years. But from work done some years ago he would have said that the proportion of diphtheria carriers in scarlet fever wards was not high; and that not many cases in which rhinitis arose after leaving the hospital showed the diphtheria bacillus. For many years past he had requested his assistant medical officers to make cultivations from the nose in chronic cases of rhinorrhcea, because in some diphtheria bacilli would be recovered. In those cases the organism was probably the cause of the chronic inflammation, and the rhinitis would often clear up after a dose or two of antitoxin. From what Dr. Higgins had said it would seem worth while to go into the subject of the prevalence of the diphtheria bacillus in some of the large London hospitals again, to see if there had been any alteration of the incidence. With regard to clinical diphtheria, he had studied the question on more than one occasion, and had read a paper before the Epidemiological Society on the subject, pointing out that if in a particular town scarlet fever and diphtheria were prevalent, cases of postscarlatinal diphtheria would be found among the scarlet fever patients, and of post-diphtherial scarlet fever among the diphtheria patients. Post-scarlatinal diphtheria began to make its appearance in the hospitals of the Metropolitan Asylums Board in 1886 to 1888, when the disease began to be prevalent in London and just before it was admitted to the hospitals of the Board. Some years ago Dr. Meredith Richards had pointed out that they were not troubled with postscarlatinal diphtheria in the Birmingham Fever Hospital until diphtheria began to be prevalent in Birmingham. Towards the end of his paper Dr. Higgins had said that it was the experience of many fever hospital doctors that scarlet fever cases were more liable to contract diphtheria than were normal children. But he (Dr. Goodall) was inclined to doubt that. From a twenty-one years' experience he could say that post-scarlatinal diphtheria was not so common in the wards of his hospital at the present time as it used to be, and he believed that the lessened prevalence of diphtheria in scarlet fever convalescents in hospital went with its decreased frequency in London generally. He had pointed out in his paper before the Epidemiological Society that a comparison of the age-incidence of post-scarlatinal diphtheria among the children in the hospital with the incidence among children in London generally showed that it was very little higher among the former than among the latter. He wished to ask a question concerning those patients referred to by Dr. Higgins who were found on admission to hospital not to have scarlet fever and yet contracted diphtheria bacilli in the hospital. He asked whether those cases had been treated in isolation wards or among the other scarlet fever patients ? At Homerton a very careful clinical examination was made on admission, and where there was any doubt the patient was placed in an isolation ward and kept there for three or four weeks before being sent home again. It would be a curious fact if the patients in the Birmingham Fever HQspital were found to have acquired diphtheria bacilli even though they had been treated in isolation wards.
With regard to the treatment of these cases, the diphtheria bacillus was fairly frequent in Birmingham; it was one of the common flora of the nose, especially of scarlet fever patients in the Birmingham fever hospitals. Whether that was so now in London he could not say, as he did not know of recent work on the subject. But what treatment should be carried out? If one had an enthusiastic assistant medical officer who swabbed every throat and nose and wished to isolate every case in which the bacillus was found, the isolation accommodation would soon have to be doubled. He had long given up isolating bacteriological cases in separate wards. In such cases he carried out what was termed the " barrier " treatment-i.e., he kept the patient in the general ward, but adopted measures to keep everything for his separate use. Under those circumstances the disease did not spread. In the absence of any marked increase in the " return case " rate of scarlet fever he doubted whether the diphtheria bacillus had much to do with " return cases " of scarlet fever, and therefore he did not think that measures directed to the elimination of diphtheria bacilli from scarlet fever convalescents were necessary. As a matter of fact, all such measures as had hitherto been tried were quite unavailing. While he believed that the diphtheria bacillus was the cause of diphtheria, facts such as these brought forward by Dr. Higgins only went to show how little we really knew at present of the conditions that favoured the pathogenicity of that organism.
Dr. F. THOMSON said his views largely coincided with those expressed by Dr. Goodall, and there were very small differences in the ways their respective hospitals were conducted. Perhaps he (the speaker) isolated more cases in which the bacilli were found in the throat, and, on the whole, he did more cultivations, including all cases of rhinitis in scarlet fever. He did not now find the organism in a high proportion of cases; the percentage used to be higher. About eight years ago post-scarlatinal diphtheria became rather suddenly less frequent in the wards of the fever hospitals. In his establishment they started making cultures from the throat and nose of every patient admitted, three or four for each patient, and every case in which the diphtheria bacillus was found was put into a separate ward. Then there was found to be but little post-scarlatinal diphtheria in the wards, and they were congratulating themselves on their improved statistics, when it was found that the result was practically the same at other hospitals where this had not not been done. He asked Dr. Higgins whether the cases given as negative had more than one swab examined. Unless that were so he did not see much value in the negative figures. He did not regard post-scarlatinal diphtheria as so very prevalent after all, certainly not so prevalent as it was some years back. His experience was that diphtheria was more common in association with measles than with scarlet fever. In the way of treatment he had tried all sorts of things, especially for the chronic " carriers," but failed. He had also tried various vaccines, with the same absence of result. Latterly he had been trying Staphylococcus aqureuts broth culture; but five weeks' treatment of a noted London carrier had had no result.
Dr. T. G. MACAULAY HINE: In the first place I do not like the term positive" being used in regard to cultures merely showing Neisser-staining bacilli, some of which latter proved not to be the diphtheria bacillus. Also it is not very uncommon to find bacilli showing metachromatic granules which are non-Gram staining, but no mention of this stain is made, but only of carbol thionin as a simple stain.
I wish now to examine some of Dr. Higgins's figures. He says he has examined about 380 cases by swabs from his " primary " cases, and out of these he had secured 145 " positive " reports of the presence of Bacilluts diphtheria?, or 38 per cent. He then remarks that some doubt having been east on the identity of the organism seen, a series of thirty " positive " cases was properly investigated and thirteen of these proved to contain the Klebs-Loeffler bacillus. Of these thirty cases the organism could only be isolated in twenty-two, and the percentage of the true bacillus was therefore 60. Now he uses this figure later on in connexion with his total cases, and therefore, supposing-he is right in doing this, I consider he should have called it thirteen in thirty positive swabs and not thirteen in twenty-two-i.e., the percentage should be 43'3. Applying this figure, the best percentage he can claim is 16'6 of Bacillus diphtheria? of the total cases examined, and this for another reason, I consider, is still too high. The other reason is that there seems to me to be a possible, and even probable, source of error in that we all know that by far the most common location of the true bacillus is in the throat, and that the chief habitats of the diphtheria-like bacilli which are more frequently mistaken morphologically for the Klebs-Loeffler bacillus, are the nose and ear. Now Dr. Higgins gives the source of the bacilli found, both in his total cases and in the cases accurately examined in which the Bacillus diphtheriae was identified, and I here place these two series side by side. The above table shows that these series are very disproportionate, and as he claims to apply his figures of his identified ones to the unidentified ones, I consider that they should show mnore correspondence in their sources-e.g., the figure for the " nose alone " should be nearer eighteen than 106 if they are to be considered comparable. My reasons, I repeat, for making this point are that, firstly, we know that the bacilli from this region, the nose, are the most fruitful in causing error, that the organisms properly investigated differ so materially from those in the total figures as regards their source, and that 106 out of 112 were only diagnosed from their morphological resemblance to the Klebs-Loeffler. This seems to open too wide a field for error, and I therefore do not consider Dr. Higgins is justified in applying the figure of the small series to the total numbers. I feel that if all the organisms had been properly investigated, he would not have more than 10 per cent. instead of his 25 per cent. The experience of other observers, which he quotes himself, seems to bear this out.
The whole position seems to be dominated by the bacteriological diagnosis of the Bacilluts diphtherie. If, either for reasons of time or expense, the bacteriologist be asked to make a diagnosis on the examination of swabs. combined with a single culture alone, there is bound to be a certain number of mistakes, even by experienced observers; these mistakes are generally in the right direction, for the true bacillus is rarely overlooked and the error is nearly always in giving a positive report, when a more prolonged and expensive investigation would justify a negative one. The identification of the Bacillus diphtheriw' by the whole of its characters when completely investigated is admittedly quite reliable, but from practical consideration it is impossible to adopt this as a routine method. The preliminary identification of the bacillus by a small portion only of its characters is known to be open to error, especially in the case of cultures not from the throat, and when the examination is confined to the microscopic appearance of a film from a swab alone the report is practically valueless.
I have spent considerable time during the last six years in investigating this question of the identification of the Klebs-Loeffler bacillus, and, as the result, I have been engaged latterly in attempting to devise a special medium by which the bacillus may be recognized more quickly and surely than it is at present on the usual Loeffler's serum, and with some promise of success. Earlier in this year I communicated to the Pathological Society the results of some of my investigations into the biochemical reactions of the Bacillusdiphtheria' and five or six other members of this group. I feel sure that much might be accomplished by a well organized research on these or similar lines, and any method which would make these examinations less expensive, and at the same time as reliable and more expeditious, would be generally welcomed.
In criticizing Dr. Higgins's paper as to the existence of the Bacilluts diphtheria in the proportions suggested, I do not want it to be thought that I wish to disagree with his conclusions altogether. The frequency with which the members of the diphtheria-like group are associated with chronic irritations, as. in nasal sinusitis, in combination with the gonococcus in old urethritis, and in sinuses arising from old abscesses, seems to indicate that these organisms may have more than a purely passive r6le, and it may well be that their occurrence after scarlet fever in the discharges from the nose and elsewhere has some, connexion with the continued capacity of these cases to infect others, as Dr.
Higgins suggests. The position I feel inclined to assume is that I look upon the whole group with suspicion; other members have already been proved ta have a pathological action, notably the Bacillus coryzae segmentosus in a certain type of " colds," and the Bacillus paralyticuts of Ford Robertson is at least f216 Higgins: Diphtheria Bacillus and Scarlatinal Infection pathogenic to rats. I therefore see no reason why other allied organisms should not eventually be convicted of causing disease.
Dr. S. MONCKTON COPEMAN said he had been struck by the fact that although there was this enormous proportion of cases carrying diphtheria bacilli, yet none of the return cases had diphtheria clinically. That seemed to show that we were yet far from knowing everything with regard to the aetiology of either diphtheria or scarlet fever. Many of the cultures, although said to be positive, did not respond to the special tests for the diphtheria bacillus on culture; and he felt inclined to agree with the President's scepticism as to the importance of the demonstration, in the throat or nose, of such bacilli, certainly in those cases from whom swabs did not give a positive reaction in test cultures and in many of those which did. He agreed with Dr. Hine in not regarding as worthy of note any organism which did not give a positive result when inoculated into the guinea-pig. They might have been derived by inheritance from virulent bacilli; but it was now recognized that although it was comparatively easy by the use of selective culture media to reduce the virulence of a micro-organism, it was not by any means as easy to increase it. If the tests detailed were to be carried out in every instance it seemed that a tremendous amount of time and labour would be entailed, and it was fitting to ask whether it was worth while. Much was said about positive diagnoses being given in diphtheria, but probably not one in a thousand dealt with the full tests such as had been described. With regard to getting rid of the organism, it was known that antitoxin had no effect on the organism itself, except indirectly by neutralizing the toxin secreted, and therefore one could not expect to clear out these organisms from the throat merely by the administration of antitoxin. With regard to vaccines, he would refer to the results of experiments conducted at the instance of the Local Government Board in regard to skin organisms, which were probably in an analogous position, because diphtheria organisms in like manner were only found on the surface of tissues. On his initiative Colonel Sir Wm. Leishmanun and Major Cummins carried out an enormous amount of work in connexion with the Government Vaccine Establishment, to see if it was possible, prior to the collection of lymph, to purify it from extraneous micro-organisms by the use of autogenetic vaccines, prepared from the cocci normally found in the lymph, prior to glycerination. Somewhat unexpectedly, however, no result was obtained as regards diminution of the bacterial flora, although it was a laborious and detailed investigation, such as had not, he thought, been undertaken before. Therefore he did not think vaccine or staphylococcic preparations were likely to be of any service in the destruction of the diphtheria organism. Until more was known about the micro-organism of scarlet fever-on which much work was being done at the present time-he did not think it was possible to draw a definite conclusion as to the precise inter-relationships of this disease with diphtheria.
Dr. F. G. CROOKSHANK said although in 25 per cent. of the author's cases the Klebs-Loeffler bacillus had been found, what was found in the other 75 per cent.? Because if in any considerable number some common organism such as a staphylococcus was present, the conclusions which had been expressed in respect of the Klebs-Loeffler bacillus might with equal force have been applied to that other organism. He, however, regarded Dr. Higgins's work as very important, so far as it went. He feared that professed bacteriologists had fallen into a habit of investigating flora of the throat from the point of view of the presence or absence of one special bacillus. What was really needed was complete knowledge of flora of the throat in any particular case. It had been shown that one did not often find staphylococcus infection associated with diphtheria; yet it was very common to have staphylococcus infection associated with scarlet fever. In view of the restraining power of the staphylococcus over the diphtheria bacillus, he thought that point should be followed up. One explanation seemed to have been omitted from the paper-namely, that the diphtheria bacillus persisted in some of the scarlet fever cases, for the simple reason that scarlatinal rhinitis afforded a favourable medium in which diphtheria bacilli could grow, perhaps in a quiet and unobtrusive way. The association between scarlet fever and diphtheria was perhaps not a necessary one, though not the result of pure coincidences. He suggested there was perhaps lurking in the background some other factor. He felt in general agreement with Dr. Goodall's remarks. When he (Dr. Crookshank) had charge of an Isolation Hospital, he used at first to swab every diphtheria case two or three times before sending it out; and he felt that in doing this he was acting very conscientiously. But afterwards he felt convinced that this work was quite supererogatory, and he did not remember having seen a return case of diphtheria either if the throat had been swabbed or if it had not. In many of the cases of scarlet fever in which the diphtheria bacillus was found in the throat, there was doubtless a " tolerance" of thelatter organism, and the patient was even less likely to contract the disease than anyone who at the moment had not got the organism. Although, however, one might disagree with some of the conclusions that Dr. Higgins had submitted, or feel that the information he had given was not quite complete enough to justify definite conclusions being drawn, he would deprecate the suggestion of Dr. Copeman that such collections of facts involved a large amount of useless labour. From the point of view of immediate clinical result it might seem so, but from the standpoint of the scientific investigator work of this kind should not only be repeated,. but multiplied many times.
Dr. HIGGINS, in reply, said that the completed results of the swabbing of school children, which were not included in the uncorrected proof that Dr. Dudfield saw, showed that the school (N) where scarlet fever was epidemic did furnish a larger proportion of children with diphtheria bacilli (10 per cent.), than the school (D) where scarlet fever was not epidemic (4 per cent). In regard to Dr. Dudfield's other question, it was not found that the corresponding primary and return cases always agreed as to the presence or absence of the diphtheria bacillus. In reply to Dr. Goodall he said that the non-scarlets who caused return cases had been kept in isolation wards, but in most cases had been exposed to scarlatinal infection.
In answer to Dr. Hine he said that in the majority of cases no further swabs were taken after a negative result was obtained, and agreed that a single negative result had not the value of a positive result. With regard to the criticism of the way in which he arrived at the figure 25 per cent., he contended that the method he pursued was a legitimate one-namely, to isolate all of a consecutive series of positive results and apply the percentage of true Bacillus diphtheria? thus found to the total positives for the two years during which the inquiry lasted. Of course the result was an approximate estimate, but, as mentioned in the paper, it was supported by the fact that the same proportion of true diphtheria bacilli was actuallv isolated by Dr. Lewis from the primary cases from the northern half of the city during the time that the consecutive series lasted. If in thirty positive swabs the Neisser-positive bacillus was successfully isolated in twenty-two cases only, the percentage of true Bacillus diphtheria? found should be reckoned on the twenty-two and not on the thirty, as he knew of no reason for supposing the diphtheroid bacilli to be more difficult to isolate than the true Loeffler bacilli.
In answer to Dr. Copeman and Dr. Dudfield he stated that there was a certain number of cases of clinical diphtheria associated with the return cases of scarlet fever. From December 19, 1910, to November 8, 1911 , in which time 151 return cases occurred (in eighty-nine homes), in four instances the return case was admitted to hospital with clinical diphtheria as well as scarlet fever, and in one other instance two return cases of pure scarlet fever in one family were associated with a case of diphtheria occurring in the house at the same time. In addition three cases of pure diphtheria followed as return cases upon the return from hospital of cases of scarlet fever. None of the primary cases of scarlet fever whose return was followed by the eight cases of diphtheria above mentioned had clinical diphtheria, but six of these gave positive swabs.
In acknowledging his indebtedness to Dr. Lewis for the bacteriological work reported in the paper, Dr. Higgins mentioned that be believed Dr. Lewis was attempting to classify the various strains of Loeffler bacilli that he had obtained.
[Note by Dr. Higgins.-The figures which Dr. Hine worked out with regard to the site (nose or throat) from which the germs were obtained are very interesting, but his use of them to show that the proportion of true Loeffler amongst the consecutive series of thirty positives " ought not to be applied to the total "positives" is not justified. The comparison in this respect ought to be between the series of thirty and the total "positives" and not between the eleven cases with proved Bacillus diphtheria and the total positives. As a matter of fact, amongst the thirty "positives," twenty-nine showed the germ in the nose or ear and five in the throat. This proportion of 29: 5 is almost precisely the same as 141: 24, which obtained amongst the total "positives." I therefore regard Dr. Hine's interesting method of analysing the figures as lending support to my thesis rather than the reverse.]
